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1. Introduction
NR_HST_FR2_enh (enhanced NR support for high speed train scenario in FR2) is a RAN4-led Rel-18 topic [1], and one of the objectives with RAN2 impact is the following:
	· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].


RAN4 made a number of agreements and sent two LSes to RAN2 [2] [3]. In the LS [2], RAN4 provided initial requirements to RAN2. In the LS [3], RAN4 further clarified the applicable MAC CE and the intended UE behaviours.
In this contribution, we discuss the corresponding RAN2 impacts based on two LSes from RAN4.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Impacts on MAC layer
In NR, there are multiple TCI state indication/activation MAC CEs related to PDCCH reception, including:
- TCI State Indication for UE-specific PDCCH MAC CE (Clause 6.1.3.15 in TS 38.321), 
- Enhanced TCI States Indication for UE-specific PDCCH MAC CE (Clause 6.1.3.44 in TS 38.321), 
- Unified TCI States Activation/Deactivation MAC CE (Clause 6.1.3.47 in TS 38.321).
In the LS [3], RAN4 clarified that the TCI State Indication for UE-specific PDCCH MAC CE (Clause 6.1.3.15 in TS 38.321) is the only one to which the 1-bit cross-RRH indication is applicable. 
	RAN4 sees a need to define enhanced MAC CE indication in HST FR2 deployments and corresponding [highSpeedTCISwitchEnhMAC-CE-FR2-r18] UE capability:
· If MAC-CE bit indicates “1” then for the TCI state switch, UE may expect that there is a large timing difference between DL signals from two non-collocated RRHs.
· If MAC-CE bit indicates “0” then for the TCI state switch, UE may expect that the timing difference between DL signals from two RRHs or from the same RRH is smaller than a quarter of CP.

· Question 1 (RAN2):
Is it correct RAN2 understanding that the RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321?
· Answer 1 (RAN4):
Yes, RAN4 LS only affects the MAC CEs intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321.
· Question 2 (RAN2):
Whether the enhanced TCI state indication in 6.1.3.44 of TS 38.321 (i.e., the MAC CE indicates two target TCI states) or the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) is intended to be supported for cross-RRH TCI state switch?
· Answer 2 (RAN4):
Enhanced TCI state indication in 6.1.3.44 (i.e., the MAC CE indicates two target TCI states) and the unified TCI state indication in 6.1.3.47 (i.e., the MAC CE indicating a unified states for UL and DL) are not intended to be supported by enhanced MAC-CE indication.


Since there is no reserved bit is the TCI State Indication for UE-specific PDCCH MAC CE (Clause 6.1.3.15 in TS 38.321), a new MAC CE needs to be introduced for cross-RRH TCI state indication. And a new eLCID/LCID will be used for this new MAC CE. Regarding the 1-bit indication, there are two alternatives: 
Alternative 1: using eLCID/LCID as the implicit indication. The network uses the legacy MAC CE (LCID 52) to indicate value “0”, and uses the new MAC CE (LCID/eLCID xx) to indicate value “1”. The specification impact is minor because the structure of the existing MAC CE can be directly re-used.
Alternative 2: using the explicit 1-bit indication. As explained above, a new octet may be needed and one bit is for the cross-RRH indication. This alternative has one-octet more payload but it seems more in line with RAN4 description for the MAC CE, and it is future-proof. In addition, it is flexible, e.g. the network can send the legacy MAC CE to enable one shot timing adjustment with DL timing difference checking, and the network can send the new MAC CE to enable this Rel-18 feature.
Since alternative 2 is more in line with RAN4 description and it is flexible, we prefer alternative 2.
Proposal 1: Introduce a new MAC CE for cross-RRH TCI state switch, including:
· It is on top of the MAC CE intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321
· One new octet is added. One bit is for the cross-RRH TCI state indication and the remaining seven bits are reserved

The next question is the LCID and eLCID selection for this new MAC CE. One benefit of using LCID is that the MAC sub header length is one byte shorter, so the UE may get this MAC CE more reliable when the channel quality is not that good. However, the number of reserved LCIDs is quite limited, so it may be not very friendly for future features which need the shorter length header with LCID. Therefore, we prefer to use the eLCID for this new MAC CE. 
Proposal 2: The new MAC CE is identified by a MAC sub header with eLCID.

2.2 Impacts on RRC layer
In Rel-17, the RRC field highSpeedLargeOneStepUL-TimingFR2-r17 was introduced, which is used to enable/disable the one-shot uplink timing adjustment feature. When it is enabled, the UE evaluates the DL timing difference between two RRHs/TCI states, and then if the difference is larger than the threshold, the UE performs the one-shot uplink timing adjustment. 
With the RAN4 LS [3], UE behaviours on new MAC CE have been described. For the UE supporting both Rel-17 and Rel-18 features, the UE can check the relevant MAC CEs from network. For RRC specification, one question is whether to reuse the legacy highSpeedLargeOneStepUL-TimingFR2-r17 IE to enable/disable this Rel-18 feature or not. 
	· Question 3 (RAN2):
What is the intended UE behavior (e.g. regarding timing advance handling) upon reception of the MAC CE with indication on the TCI state switch across RRHs? For example, Does UE behavior also depend on the existing RRC parameter highSpeedDeploymentTypeFR2? Is it possible to update timing advance upon reception of the MAC CE with indication on the TCI state switch across RRHs and if not should UE stop uplink transmissions?
· Answer 3 (RAN4):
In HST FR2 scenario, when highSpeedMeasFlagFR2-r17 is configured the following HST PC 6 UE behavior is expected upon the reception of enhanced MAC CE:
1) MAC-CE indicates “1”:
a. Rel-17 TCI state switching delay requirements in HST FR2 scenarios from TS 38.133, Clause 8.10.3A are followed without changes.
b. When highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for HST PC 6 UE supporting [largeOneStepUL-timingFR2-r17] capability, UE shall apply the one shot large timing adjustment specified in Clause 7.1.2.3 in TS 38.133 on the first UL transmission after TCI state switch without checking the DL timing difference threshold.
2) MAC-CE indicates “0”:
a. UE follows the Rel-15 TCI state switching requirements as described in TS 38.133 Clause 8.10.3
b. Gradual timing adjustment requirements in Clause 7.1.2.1 in TS 38.133 apply to the first UL transmission after TCI state switch, i.e., one shot large UL timing adjustment is not applied.
UE timing adjustment behavior does not depend on the existing Rel-17 RRC parameter highSpeedDeploymentTypeFR2.
No new PC6 UE behaviour is expected in comparison to Rel-17 when Rel-18 enhanced MAC CE indication is not signaled or UE does not support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] capability.


We think a separate RRC parameter to enable/disable this new feature is straightforward, and it can enable a common understanding between the UE and the gNB. For instance, we can introduce a new RRC parameter called highSpeedLargeOneStepUL2-TimingFR2-r18 for enabling/disabling the Rel-18 one-shot UL timing adjustment feature. When the network intends to only use the Rel-17 one-shot UL timing adjustment, the gNB should not configure highSpeedLargeOneStepUL2-TimingFR2-r18 and the UE will not receive the Rel-18 new MAC CE under this configuration.
Proposal 3: Introduce a new Rel-18 RRC parameter for enabling/disabling the Rel-18 one-shot UL timing adjustment feature.

2.3 Impacts on UE capability
In RAN4 CR [7], it is using [largeOneStepUL-timingFR2-r17] for Rel-17 one shot large UL timing adjustment feature. In RAN2, the UE capability name is ue-OneShotUL-TimingAdj-r17. We think the two terminologies should correspond to the same feature, i.e. Rel-17 one shot large UL timing adjustment, so we suggest to check with RAN4 in order to fix this issue.
Proposal 4: Send a LS to RAN4 to notify the UE capability parameter name misalignment between RAN2 and RAN4. In TS 38.331 and 38.306, the parameter name is ue-OneShotUL-TimingAdj-r17, while in TS 38.133, the parameter name is [largeOneStepUL-timingFR2-r17].

According to the RAN4 LS, RAN4 mentioned the following and RAN4 think a new UE capability is needed.
	RAN4 sees a need to define enhanced MAC CE indication in HST FR2 deployments and corresponding [highSpeedTCISwitchEnhMAC-CE-FR2-r18] UE capability:
· If MAC-CE bit indicates “1” then for the TCI state switch, UE may expect that there is a large timing difference between DL signals from two non-collocated RRHs.
· If MAC-CE bit indicates “0” then for the TCI state switch, UE may expect that the timing difference between DL signals from two RRHs or from the same RRH is smaller than a quarter of CP.


According to the agreed RAN4 CR to TS 38.133 [7], it also mentions that the UE should report both the Rel-17 UE capability and the Rel-18 UE capability when it supports the Rel-18 one-shot UL timing adjustment feature. Therefore, the Rel-17 UE capability ue-OneShotUL-TimingAdj-r17 ([largeOneStepUL-timingFR2-r17]) is a pre-requisite of the new introduced Rel-18 UE capability.
	[bookmark: _Toc535475927]7.1	UE transmit timing
7.1.2	Requirements
7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
[bookmark: _Hlk143782274]When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
If the UE also indicates to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] and [R18 enhanced MAC-CE indication] is indicated as ‘1’ for the TCI state switch
[bookmark: _Hlk143783513]-	the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±7*64*Tc, and the reference point is .
If the UE also indicates to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] and [R18 enhanced MAC-CE indication] is indicated as ‘0’ for the TCI state switch
-	the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
If the UE does not indicate to support [highSpeedTCISwitchEnhMAC-CE-FR2-r18] or [R18 enhanced MAC-CE indication] is not indicated for the TCI state switch
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±7*64*Tc, and the reference point is .


Proposal 5: Introduce a new UE capability parameter for Rel-18 cross-RRH TCI state indication. The UE indicating support of this new Rel-18 UE capability shall indicate support of the Rel-17 UE capability ue-OneShotUL-TimingAdj-r17.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: OLE_LINK7]Based on the discussion in this contribution, we have the following proposals:
Proposal 1: Introduce a new MAC CE for cross-RRH TCI state switch, including:
· It is on top of the MAC CE intended for indicating target TCI state for PDCCH in 6.1.3.15 in TS 38.321
· One new octet is added. One bit is for the cross-RRH TCI state indication and the remaining seven bits are reserved
Proposal 2: The new MAC CE is identified by a MAC sub header with eLCID.
Proposal 3: Introduce a new Rel-18 RRC parameter for enabling/disabling the Rel-18 one-shot UL timing adjustment feature.
Proposal 4: Send a LS to RAN4 to notify the UE capability parameter name misalignment between RAN2 and RAN4. In TS 38.331 and 38.306, the parameter name is ue-OneShotUL-TimingAdj-r17, while in TS 38.133, the parameter name is [largeOneStepUL-timingFR2-r17].
Proposal 5: Introduce a new UE capability parameter for Rel-18 cross-RRH TCI state indication. The UE indicating support of this new Rel-18 UE capability shall indicate support of the Rel-17 UE capability ue-OneShotUL-TimingAdj-r17.

For the above proposals, we have prepared CRs in [4], [5] and [6].
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